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PREPARATTONT OF STTMTTTABLE PHOSPHOR SHEET 
FTET.n nP ^HE INVENTION 

5 

The present invention relates to a stimulable phos- 
phor sheet employable in a radiation image recording and 
reproducing method utilizing stimulated emission from a 
stimulable phosphor. 

10 

B&.CKGRQT7NT) OF THE INVENTION 

As a method replacing a conventional radiography 
using a combination of a radiographic film and radio- 

15 graphic intensifying screens, a radiation image recording 
and reproducing method utilizing a stimulable phosphor 
•was proposed and has been practically employed. This 
method employs a radiation image storage panel comprising 
a stimulable phosphor layer (i.e., stimulable phosphor 

20 sheet) provided on a support, and the procedure of the 
method comprises the steps of causing the stimulable 
phosphor in the phosphor sheet to absorb radiation energy 
having passed through an object or having radiated from 
an object; sequentially exciting the stimulable phosphor 

25 with stimulating rays to release the radiation energy 
stored in the phosphor sheet as light emission (i.e., 
stimulated emission) ,- photoelectrical ly detecting the . 
emitted light to obtain electric signals; and reproducing 
the radiation image of the object as a visible image from 

30 the electric signals. The stimulable phosphore sheet 

thus processed is subjected to a step for erasing a radi- 
ation image remaining therein, and then stored for the 
next recording and reproducing procedure. Thus, the 
radiation image storage panel can be repeatedly employed. 

35 Generally, a substrate film and a protective cover 

film are provided on the top and bottom surfaces of the 
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stimulable phosphor sheet, respectively. The stimulable 
phosphor sheet generally comprises a binder and stimul- 
able phosphor particles dispersed therein, but it may 
consist of agglomerated phosphor with no binder. The 
phosphor sheet containing no binder can be formed by dep- 
osition process or sintering process. Further, the sheet 
comprising agglomerated phocphor soaked with a polymer is 
also known. In the aforementioned method, any types of 
the stimulable phosphor sheets are employable. 

The radiation image recorded in the stimulable phos- 
phor sheet is generally read by the steps of applying 
stimulating rays onto the front surface side (phosphor 
layer side) of the phosphor sheet, collecting light emit- 
ted by the phosphor particles by means of a light-col - 
15 lecting means from the same side, and photoelectrical ly 
converting the light into image signals. A system for 
reading the image from one side of the panel in this man- 
ner is referred to as "single-side reading system". How- 
ever, there is a case that the light emitted by the phos- 
20 phor particles should be collected from both sides (i.e., 
front and the back surface sides) of the phosphor sheet.' 
For instance, there is a case that the emitted light is 
desired to be collected as much as possible. There also 
is a case that the radiation image recorded in the phos- 
25 phor layer varies along the depth of the layer, and it is 
desired to detect the variation. A system for reading 
the image from both sides of the phosphor sheet is re- 
ferred to as "double-side reading system". 

The radiation image recording and reproducing method 
30 is often used in radiography for medical diagnosis, in 
that case, it is especially desired to reproduce a radi- ' 
ation image of high quality (particularly, high sharpness 
for high resolution) by applying a small dose of radia- 
tion. Thus, the stimulable phosphor sheet is required to 
35 have a high sensitivity and to provide an image of high 
quality. 



In radiography for medical diagnosis, the use of a 
stimulable phosphor sheet of high sensitivity can reduce 
a dose of radiation to be applied to a patient. There- 
fore, it is required to provide a stimulable phosphor 
sheet giving an image of high sharpness with high sen- 
sitivity. 

Japanese Patent Provisional Publication No. 62-47600 
describes a method for preparing a stimulable phosphor 
sheet comprising a support and a stimulable phosphor 
layer deposited thereon which comprises applying an elec- 
tron beam to a stimulable phosphor in a vacuum to vapor- 
ize the phosphor and depositing the vaporized phosphor or 
source on the support, so as to columnar crystals of the 
stimulable phosphor on the support. The stimulable phos- 
phor layer thus deposited on a support has cracks between 
each of the columnar crystals, and therefore it gives a 
radiation image with high sensitivity and high sharpness, 
m this publication, a stimulable phosphor to be deposit- 
ed (such as RbBr:Tl phosphor) is pressed by a hot press 
to become a shaped article such as crucible. However, 
there are no teaching as to the pressure and a density of 
the pressed article. According to technical manuals of 
commercially available apparatuses of deposition using 
electron beam such as those supplied by ankt.va corpora- 
tion, ULVAC Corporation, and JEOL Corporation, the accel- 
erating voltage of the electron beam adopted generally is 
in the range of 6 kV to 10 kV, or higher than 10 kV. 

Japanese Patent Publication 5-17170 teaches that a 
method for preparing a zinc sulfide thin film for an 
anti -reflection of an optical lens or electroluminescent 
element. According to the description, a sintered zinc 
sulfate having a high density and a large particle size 
is favorably employed for preparing the film containing 
neither fine particles nor pin holes. 

Japanese Utility Model Publication 62-173100 indi- 
cates a structure of a stimulable phosphor sheet in which 



a protective film is fixed onto a whole surface the phos- 
phor layer using an adhesive. It also describes that a 
spacer can be placed between the support and the protec- 
tive layer so as to enclose the phosphor layer with the 
spacer. 

It is an object of the invention to provide a sti- 
mulable phocphor sheet which, is able to give a radiation 
image with improved image quality. 

Specifically, the invention has an object to give 
methods favorably employable for preparing a stimulable 
phosphor sheet which is able to give a radiation image 
with inproved image quality. 



SUMMARY OF THE INVENTION 

The invention resides in a method for preparing a 
stimulable phosphor sheet comprising a support and a 
stimulable phosphor layer deposited thereon which com- 
prises applying an electron beam to a stimulable phosphor 
or a source thereof in a vacuum to vaporize the phosphor 
or the source and depositing the vaporized phosphor or 
source on the support, wherein the stimulable phosphor or 
source to be vaporized is in the form of a solid having a 
relative density in the range of 80% to 98%. 

The invention further resides in a method for pre- " 
paring a stimulable phosphor sheet comprising a support 
and a stimulable phosphor layer deposited thereon which 
comprises applying an electron beam to a stimulable phos- 
phor or a source thereof in a vacuum to vaporize the 
phosphor or the source and depositing the vaporized phos- 
phor or source on the support, wherein the electron beam 
is applied to the stimulable phosphor or source thereof 
at an accelerating voltage in the range of 1.5 kV to 5.0 
kV. 

The invention furthermore resides in a method for 
preparing a stimulable phosphor sheet comprising a sup- 
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port and a stimulable phosphor layer deposited thereon 
which comprises applying an electron beam to a stimulable 
phosphor or a source thereof in a vacuum to vaporize the 
phosphor or the source and depositing the vaporized phos- 
5 phor or source on the support, wherein the support is 
heated by a thermal energy supplied by a heating means 
when the vapoirized phosphor or source is deposited and, 
after the deposition is complete, the supply of thermal 
energy from the heating means to the support is gradually 
10 reduced to cool the support gradually. 

BRIEF DESCRIPTION n v DRAWINGS 

Fig. 1 shows two electron-microscopic photographs of 
15 one stimulable phosphor layer deposited by the method of 
the invention in which the upper photograph indicates a 
surface of the phosphor layer and the lower photograph 
indicates a section of the phosphor layer taken in the 
depth direction. 

20 Fig. 2 shows two electron-microscopic photographs of 

another stimulable phosphor layer deposited by the method 
of the invention in which the upper photograph indicates 
a surface of the phosphor layer and the lower photograph 
indicates a section of the phosphor layer taken in the 

25 depth direction. 

Fig. 3 shows two electron-microscopic photographs of 
a stimulable phosphor layer deposited by a comparative 
method in which the upper photograph indicates a surface 
of the phosphor layer and the lower photograph indicates 
a section of the phosphor layer taken in the depth direc- 
tion. 

Fig. 4 illustrates an example of the structure of 
the stimulable phosphor sheet of the invention. 

Fig. 5 illustrates an example of a support of a 
35 stimulable phosphor sheet of the invention in which (1) 
is for a plane view and (2) is for a section view. 



30 
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Fig. 6 illustrates an apparatus for reading a radia- 
tion image from a stimulable phosphor sheet. 

Fig. 7 is a section view taken along the I- 1 line in 
the apparatus of Fig. 6. 

5 

DETAILED DESCRIPTION OF THE INVRNTTTOW 

The methods of the present invention for preparing a 
stimulable phosphor sheet is explained below in more de- 
10 tail. 

As described hereinbefore, a method for preparing a 
stimulable phosphor sheet comprising a support and a 
stimulable phosphor layer deposited thereon which com- 
prises applying an electron beam to a stimulable phosphor 

15 or a source thereof in a vacuum to vaporize the phosphor 
or the source and depositing the vaporized phosphor or 
source on the support is known. 

In one aspect, the method of the invention is char- 
acteristic in that the stimulable phosphor or its source 

20 to be vaporized is in the form of a solid having a rela- 
tive density in the range of 80% to 98%, preferably 90% 
to 96%. The solid of the stimulable phosphor or its 
source is favorably produced by compressing a powdery 
phosphor or a powdery composition of component materials 

25 for the desired stimulable phosphor. 

In another aspect, the method of the invention is 
characteristic in that the electron beam is applied to 
the stimulable phosphor or source, thereof at an acceler- 
ating voltage in the range of 1.5 kV to 5.0 kV, prefera- 

30 bly 2.0 kV to 4.0 kV. 

It is most preferred that the electron beam is ap- 
plied to the stimulable phosphor or its source in the 
form of a solid having a relative density in the range of 
80% to 98% (preferably 90% to 96%) at an accelerating 

35 voltage in the range of 1.5 kV to 5.0 kV (preferably 2.0 
kV to 4.0 kV) . 
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As the stimulable phosphor, a phosphor giving a sti- 
mulated emission of a wavelength in the region of 300 to 
500 nm when it is irradiated with stimulating rays of a 
wavelength in the region of 400 to 900 nm is preferably 
5 employed. In Japanese Patent Provisional Publications 
No. 2-193100 and No. 4-310900, some examples of the sti- 
mulable phosphors are described in detail. 

As the stimulable phosphor or its source to be va- 
porized, a stimulable alkali metal halide phosphor having 
10 an essential composition of the following formula (1) is 
preferred: 

^X-aM^XVbM^XVzA ... (I) 

t> 

15 in which MF represents at least one alkali metal selected 
from the group consisting of Li, Na, K, Rb and Cs ; M 11 
represents at least one divalent metal selected from the 
group consisting of Be, Mg, Ca, Sr, Ba, Ni, Cu, Zn and 
Cd; M 111 represents at least one trivalent metal selected 

20 from the group consisting of Sc, Y, La, Ce, Pr, Nd, Pm, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Uu, Al, Ga and In; 
each of X, X' and X" independently represents at least one 
halogen atom selected from the group consisting of F, CI, 
Br and I; A represents at least one metal selected from 

25 the group consisting of Y, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, Yb, Lu, Na, Mg, Cu, Ag, Tl and Bi; and 
each of a, b and z is a number respectively satisfying 
the conditions of 0 s a < 0.5, 0 s; b < 0.5, 0 s z < 
0.2. 

30 In the formula (I) , it is preferred that M 1 prefera- 

bly is Cs or a combination of Cs and one or more other 
alkali metals,- X preferably is Br or a combination of Br 
and one or more other halogen atoms,- and A preferably is 
Eu or Bi. The stimulable phosphor of the formula (I) may 

35 contain one or more metal oxides such as aluminum oxide, 
silicon dioxide, or zirconium oxide, in an amount of 0.5 
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mol. per one mol. of M 1 . 

Stimulable rare earth metal activated alkaline earth 
metal f luorohalide phosphors having the following essen- 
tial formula (II) are also preferred; 

M ri FX: Z iiti 

in which JVF is an alkaline earth metal such as Ba, Sr, or 
Ca; Ln is. a rare earth metal such as Ce, Pr, Sm, Eu, Tb, 
Dy ' Ho ' Nd ' Er ' ™> or Yb; X is a halogen atom such as 
CI, Br, or I; and 2 is a value satisfying the condition 
of O-czsO.2. 

VIP of the formula (II) preferably comprises Ba in an 
amount of 50 atomic % or more. Ln preferably is Eu or 
15 Ce. It should be noted that the formula (II) does not 
mean F:X=l:l, but means to have a crystalline structure 
of BaFX. Thus, the formula (II) does not accurately 
indicate stoichiometric amounts of the constitutional 
elements. It is generally preferred that F is slightly 
20 rich in. comparison with x, because F* center (X" center) 
produced in such composition efficiently gives a stimu- 
lated emission when the phosphor is stimulated with a 
light in the region of 600 to 700 nm. 

The stimulable phosphor of the formula (11) can fur- 
ther contain one or more of the following additive compo- 
nents : 



25 



30 



35 



kA/ wN 1 , xN 11 , yN m 

In the above formulas, A is a metal oxide such as 
Al 2 <^, Si0 2 or ZrOz, in which source of the metal oxide 
preferably is extremely fine particles having a mean 
diameter (of primary particles) of 0.1 m or less and has 
little reactivity to M^FX particles to keep the M n FX 
particles , from coagulation,- N* is a compound of an alkali 
metal such as Li, Na, K, Rb, or Cs; IP is a compound of 
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an alkaline earth metal such as Mg and/or Be/ and N 111 is 
a compound of a monovalent or trivalent metal such as Al, 
Ga, in, Tl, Sc, Y, La, Gd, or Lu. The metal compounds 
preferably are halide conpounds such as those described 
5 in Japanese Patent Provisional Publication^ No. 59 -75200. 

In the formulas, each of b, w, x, and y is a value 
which meane an amount of each source material, based on 
one molar amount of M ri FX, under the conditions of 
OsbsO.5, 0sw*2, OsxsO.3, and 0sb*3. Accordingly, the 
10 value of b, w, x, or y does not necessarily mean the 

amount of each element or compound existing in the final- 
ly produced phosphor. Further, each additive compound 
may exist as such in the finally produced phosphor or may 
react with M"Fx in the course of the preparation of the 
15 stimulable phosphor. 

Furthermore, the stimulable phosphor of the formula 
(II) may contain one or more of the following compounds 
or reaction products thereof: 

Compounds of Zn and Cd described in Japanese Patent 
20 Provisional Publication No. 55-12145; 

Metal oxides such as TiOj, BeO, MgO, CaO, SrO, BaO, 
ZnO, YjQj, La 2 Q„ n^O,, Geo,, SnO^ NbA, Ta^, and ThCx, 
described in Japanese Patent Provisional Publication No. 
55-160078; 

25 (ijmpounds of Zr and Sc described in Japanese Patent 

Provisional Publication No. 56-116777; 

Compounds of B described in Japanese Patent Provi- 
sional Publication No. 57-23673; 

Compounds of As and Si described in Japanese Patent 
30 Provisional Publication No. 57-23675; 

Tetrafluoroborate compounds described in Japanese . 
Patent Provisional Publication No. 59-27980; 

Hexaf luoro compounds such as monovalent or divalent 
salts of hexafluorosilicic acid, hexaf luorotitanic acid, 
35 or hexafluorozirconic acid described in Japanese Patent 
Provisional Publication No. 59-47289; and 
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Conipounds of transitional metals such as V, Cr, Mn, 
Fe, Co, and Ni described in Japanese Patent Provisional 
Publication No. 59-56480. 

Moreover, other additives may be incorporated, pro- 
5 vided that the incorporated additives do not disturb the 
preparation of the essential phosphor composition of the 
formula (I) or (II) . 

As described hereinbefore, the stimulable phosphor 
or its source composition to be vaporized preferably is 

10 in the form of a solid (e.g., pellet) having a relative 
density of 80 to 98%, more preferably 90 to 96%. A solid 
of the phosphor or its source composition can be produced 
by compression of a powdery material at a pressure of 800 
to 1,000 kg/cm 2 . The compression can be performed at a 

15 temperature of 50 to 200°C. The compressed material is 
preferably degassed. 

In the beginning of the method of vaporizing the 
phosphor material (such as a stimulable phosphor or its 
source composition) and depositing the vaporized phosphor 

20 material, the phosphor material as well as a support on 
which the phosphor material is deposited are placed in a 
vessel for deposition. The phosphor material is general- 
ly placed in a crucible. The vessel can be evacuated. 
The support should be heat-resistant and may be 

25 transparent. Accordingly, the support employed in the 
preparing method of the invention is selected from those 
known as support materials of the conventional stimulable 
phosphor sheets. Preferred are quartz sheet, silicate 
glass sheet, sheets of metals such as aluminum, iron, 

30 tin, and chromium, and heat-resistant resin sheets such 
as an aramide sheet. Most preferred are quartz sheet and 
metal sheet. The support preferably has a thickness in 
the range of 50 //m to 1 mm. The support can have a 
light-reflective layer or a light -absorbing layer on one 

35 surface side, so as to increase the sensitivity of the 
phosphor layer. The support may have a great number of 
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concaves on its surface. 

In one aspect, as seen in Figure 4, the support 1 
preferably has a frame unitedly protruded from a circum- 
ference of the support l, and the phosphor layer 2 is en- 
closed with the frame. A protective film 3 is airtightly 
sealed to the frame. Figure 5-(l) is a plane view of the 
stimulable phosphor sheet of Figure 4, and Figure 5- (2) 
is a side view of the support 1. The widths (a, c, d, f) 
of the frame generally is in the range of 1 to 100 mm, 
preferably 10 to 30 mm. The inner dimensions (b, e) of 
the support are determined to have dimensions of l.i 
times or more (preferably 1.2 times or more) as much as 
the corresponding dimensions of the area on which the 
radiation image is formed. For instance, b and e is in 
the range of 10 to 100 cm. The height (g) of the frame 
generally is in the range of 50 to 1,000 fjtm, preferably 
200 to 700 (m. The thickness of the support (h) general- 
ly is 0.1 to 10 mm, preferably 0.5 to 5 mm. 

The vessel for deposition containing the phosphor 
material and the support is then evacuated to reach a 
pressure of 3x10"' to 3x10"" kg/cm*. An inert gas such as 
Ar gas or Ne gas may be introduced into the vessel, main- 
taining such low pressure in the vessel. 

For the vaporization and deposition, an electron 
beam is emitted from an electron gun attached to the 
vessel. The electron beam is preferably emitted at an 
accelerating voltage of 1.5 kV to 5.0 kV, more preferably 
2.0 kV to 4.0 kv. The vaporization of the phosphor mate- 
rial at such low accelerating voltage is favorably adopt- 
ed because it gives a deposited phosphor layer in which 
columnar phosphor crystals of almost same sizes are neat- 
ly aligned almost vertically on the support. 

Figures 1 and 2 show typical structures of the phos- 
phor layer deposited by the method of the invention. The 
upper photographs of Figures 1 and 2 are of surfaces of 
the deposited phosphor layers. The lower photographs are 
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of vertical sections of the deposited phosphor layers . 
The photographs clearly indicate that the columnar phos- 
phor crystals are deposited with cracks (vacant spaces) 
between the adjoining columnar crystals. Figure 3 shows 
a typical structures of the phosphor layer deposited at a 
higher accelerating voltage. The upper photograph and 
lower photograph of Figure 3 arc, respectively, those of 
the surface and vertical section. Apparently, the colum- 
nar phosphor crystals are deposited relatively at random. 

Upon application of an electron beam, the phosphor 
material vaporizes and the vapor is then deposited on the 
surface of the support. The rate of deposition generally 
is 0.1 to 1,000 /mi/min., preferably l to 100 /xm/min. 

The stimulable phosphor layer (or film) deposited on 
the support generally has a thickness in the range of 100 
to 1 mm, preferably 200 to 700 pcm. The phosphor layer 
may be composed of two or more layers, which are produced 
by applying the electron beam to the phosphor material 
intermittently. Otherwise, two or more electron guns are 
employed in combination to deposit two or more phosphor 
materials simultaneously. 

The support on which the vaporized phosphor material 
is deposited is cooled before it is taken out of the ves- 
sel. 

In the deposition process, the support is preferably 
heated by a thermal energy supplied by a heating means, 
and, after the deposition is complete, the supply of 
thermal energy from the heating means to the support is 
gradually reduced to cool the support gradually. Pre- 
ferred is that the support is cooled at a rate in the 
range of l°C/min. to 20°C/min., specifically at a rate in 
the range of l°C/min. to 10°C/min. 

The deposited stimulable phosphor layer can be fur- 
ther heated for annealing. 

On the surface of the deposited phosphor layer, a 
protective cover film is preferably placed. In order not 
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to affect the simulating rays or the stimulated emission, 
the cover film preferably is transparent. Further, for 
efficiently protecting the stimulable phosphor sheet from 
chemical deterioration and physical damage, the protec- 
tive film should be both chemically stable and physically 
strong. 

The cover film can be provided by fixing a before- 
hand prepared transparent plastic film (e.g. , polyethyl- 
ene terephthalate) on the stimulable phosphor sheet with 
adhesive, or by coating the phosphor sheet with a solu- 
tion of cover film material and drying the coated solu- 
tion. 

It is preferred that the protective film is made of 
silicate glass or similar material which is deposited on 
the phosphor layer in a vacuum. 

Into the cover film, fillers of fine particles may 
be incorporated so as to reduce blotches caused by in- 
terference and to improve the quality of the resultant 
radiation image. The thickness of the cover film gen- 
erally is in the range of approx. 100 to 1,000 m, pre- 
ferably 200 to 500 /an, so as to effectively keep the 
deposited phosphor layer from moisture in the atmospheric 
surrounding. 

For enhancing the. resistance to staining, a f luoro- 
resiji layer is preferably provided on the cover film. 
The f luororesin layer can be formed by coating the sur- 
face of the cover film with a solution of a fluororesin 
in an organic solvent, and drying the coated solution. 
The fluororesin may be used singly, but generally a mix- 
ture of the fluororesin and a film-forming resin is em- 
ployed. In the mixture, an oligomer having polysiloxane 
structure or perfluoroalkyl group can be further added. 
Into the fluororesin layer, a filler of fine particles 
may be incorporated so as to reduce blotches caused by 
interference and to improve quality of the resulting 
radiation image. The thickness of fluororesin layer 
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generally i s in the range of 0.5 to 20 fm. in the forma- 
tion of the fluororesin layer, additives such as a cross- 
linking agent, a film-hardening agent and an anti -yellow- 
ing agent can be used. In particular, the crosslinking 
agent advantageously improves durability of the fluoro- 
resin layer. 

Pig- 6 illustrates an apparatus fox reading a radia- 
tion image from a stimulable phosphor sheet, and Fig. T 
is a section view taken along the I-i line in the appara- 
tus of Pig. 6. 

The stimulable phosphor sheet 10 is placed on a con- 
veyor belt 40 and moved in the direction of the arrow Y. 
The rate of movement of the phosphor sheet 10 is the same 
as that of the conveyor belt 40, and the rate of movement 
of the conveyor belt 40 is input into a radiation image 
reading controller 30. 

A laser beam L is emitted from a broad area laser 
(BID) 11, which then passes through an optical means 12 
composed of collimater lens and toric lens to give a 
parallel beam. The parallel beam is reflected by a di- 
chroic mirror 14 (which reflects a stimulating beam, 
while transmits a stimulated emission, and which is 
placed at an angle of 45° to the phosphor sheet) and then 
passes a first SELFOC lens (commercially available gra- 
dient index lens array) 15 to reach the phosphor sheet 10 
vertically under linear scanning in a direction X which 
is almost perpendicular to the direction of movement of 
the belt 40. 

Vpon stimulation with a laser beam, the phosphor 
sheet 10 produces a stimulated emission M in an amount 
proportional to the radiation energy stored on the phos- 
phor sheet. The stimulated emission M passes the first 
SELFOC lens 15 to give a parallel beam, passes the di- 
chroic mirror 14, passes a second SELFOC lens 16, and 
reaches a light-receiving surface of a photo-electric 
conversion element 21 of a line sensor 20. The line 
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sensor 20 is composed of a multiple of solid photo-elec- 
tric conversion elements 21 which are arrange in the 
direction perpendicular to the movement of the conveyor 
belt 40. 

Since the line sensor has a short focal depth, it is 
required that the distance between the line sensor 20 and 
the surface of the phosphor sheet 10 is kept constant. 
However, if the phosphor sheet 10 has a frame illustrated 
in Figures 4 and 5, the upper surface of the frame can be 
utilized as a referential surface to adjust the distance 
between the line sensor 20 and the surface of the phos- 
phor sheet 10. 

A portion of the laser beam (i.e., stimulating beam) 
which is reflected on the surface of the phosphor sheet 
10 and passes the second SELFOC lens 16 is cut off by a 
stimulating beam cut filter 17. 

The stimulated emission M is then converted in each 
photo-electric conversion element 21 to give a set of 
signals S. The signals S are then input into the radia- 
tion image reading controller 30. In the controller 30, 
the signals S are processed taking the moving rate of the 
conveyor into account, to output radiation image data on 
an image display (not illustrated) . 

The radiation image reading system employable for 
reading a radiation image stored in the stimulable phos- 
phor sheet of the invention is not limited to that illus- 
trated in Figures 6 and 7. Other known reading systems 
are also utilizable. 

The present invention is further described by the 
following examples. 

(Exanple 1] 

(1) Preparation of phosphor material for deposition 

Cesium bromide (CsBr, 100 g, 0.47 mol.) and europium 
bromide (BuBr, 31.8404 g, 4.7xl0* 3 mol.) were mixed and 
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pulverized in a mortar, and then placed in a stirring vi- 
brator for 15 min. The resulting mixture was placed in a 
heating furnace. The gas contained in the furnace was 
evacuated, and a nitrogen gas was introduced into the 
furnace. The mixture was then heated for firing in the 
furnace at 525°C for 2 hours. The furnace was evacuated 
for 15 minutes, after the firing was complete. 

The resulting stimulable europium activated cesium 
bromide (CsBr: o. OlEu) phosphor was pulverized in a mor- 
tar, and the pulverized phosphor was compressed at 800 
kg/cm 2 , to produce a pellet for deposition. The pellet 
was then placed in an evacuating vessel at 150°C for 2 
hours, for degassing. 

The resulting pellet had a density of 3.6 g/cm 3 , 
which corresponded to a relative density of 81%. 
(2) Deposition of phosphor material on support 

In a depositing apparatus, an aluminum sheet (sup- 
port) and the phosphor pellet produced above were placed 
at the predetermined sites. The apparatus was evacuated 
to reach a pressure of 4.0xl0- 9 kg/cm 2 . Then, the support 
was heated to 300°C by a heater of 400*C. 

To the phosphor pellet was applied an electron beam 
from an electron gun at 60 W and at an accelerating volt- 
age of 2.3 kV for 20 min. The phosphor was vaporized and 
deposited on the alundnum sheet at a rate of 25 /xm/min. 
After the deposition was complete, the support was 
gradually cooled by decreasing an output of the heater. 
The rate of cooling was l°C/min. When the inside of the 
furnace reached 250°C, an air was introduced into the 
apparatus, and the aluminum sheet was taken out of the 
apparatus . 

On the aluminum sheet were deposited columnar phos- 
phor crystals vertically o to the sheet to form a 
stimulable phosphor layer of 450 thick. The length 
and width of the columnar crystal is approx. 450 /xm and 
approx. 3 /xm, respectively. The photographs of the pro- 
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duced stimulable phosphor layer are shown in Pig. l. 

Thus, a stimulable phosphor sheet composed of a 
support and a deposited stimulable phosphor layer was 
prepared. 

5 

[Example 2] 

The procedures of Exanple 1 were repeated except 
that the application of electron beam was performed at ian 
accelerating voltage of 4 . 0 kV. 
10 The photographs of Fig. 2 show the plane view and 

the section view of the produced stimulable phosphor 
layer. 

[Example 3] 

15 The procedures , of Example 2 were repeated except 

that the pellet of the phosphor material was produced by 
compression at 900 kg/cm 2 . The resulting pellet had a 
density of 4.0 g/cm\ which corresponded to a relative 
density of 90%. 

20 

[Example 4] 

The procedures of Exanple 2 were repeated except 
that the pellet of the phosphor material was produced by 
compression at 9S0 kg/cm 5 . The resulting pellet had a 
•25 density of 4.2 g/cm 3 , which corresponded to a relative 
density of 95%. 

[Comparison Example 1] 

The procedures of Example 1 were repeated except 
30 that the application of electron beam was performed at an 
accelerating voltage of 10.0 kV. 

[Comparison Example 2] 

The procedures of Example l were repeated except 
35 that the application of electron beam was performed at an 
accelerating voltage of 6.0 kV. 
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Hie photographs of Fig. 3 show the plane view and 
the section view of the produced stitnulable phosphor 
layer . 

[Comparison Example 3] 

The procedures of Example l were repeated except 
tJnat. the application of electron beam was perfoiiiied at an 
accelerating voltage of 1.0 kV. 

[Comparison Exanple 4] 

The procedures of Exanple 1 were repeated except 
that the application of electron beam was performed at an 
accelerating voltage of 0.3 kV. 

[Comparison Exanple 5] 

The procedures of Example 2 were repeated except 
that the fired powdery phosphor material as such was va- 
porized ±n the deposition procedure. 

[Comparison Example 6] 

The procedures of Exanple 2 were repeated except 
that the pellet of the phosphor material was produced by 
conpression at 700 kg/cm*. The resulting pellet had a 
density of 3.0 g/cm*, which corresponded to a relative 
density of 68%. 

[Evaluation of Stitnulable Phosphor Sheet] 

The stitnulable phosphor sheets were evaluated in the 
following items: 

(l) Appearance and conditions of each columnar phosphor 
crystal on support 

The shapes of columnar crystals, presence of nodes 
in the columnar crystals, and agglutination of columnar 
crystals are checked on the electron-microscopic photo- 
graphs. Linear crystals having no nodes and free from 
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agglutination are better. 

(2) Conditions of whole columnar phosphor crystals on 
support 

Whether the columnar crystals are aligned neatly or 
5 not is checked on the electron-microscopic photographs. 

(3) Appearance of deposited stimulable phosphor layer 
Roughness of the tsurface of the deposited layer is 

visually checked. Smooth surface is better . 

(4) Adhesion of deposited phosphor layer to support 

10 Whether the deposited phosphor layer is well fixed 

to the support or not is checked. 

The results are marked referring to the following 
ranks: 

15 AA: Excellent 

A: Good 

B: Less satisfactory 
C: Bad 

20 The results are set forth in Table 1. 



Table l 
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Columnar- crystals 


Phosphor layer 




(1) 


(2) 


(3) 


(4) 


Example 1 


AA 


AA 


A 


A 


Example 2 


AA 


AA 


A 


A 


Example 3 


AA 


AA 


A 


A 


Example 4 


AA 


AA 


A 


A 


Com. Ex. l 










Com. Ex. 2 


A 


B 


A 


A 


Com. Ex. 3 


A 


C 


A 


A 


Com. Ex. 4 










Com. Ex. 5 


B 


B 


C 


B 



-20- 



Com. Ex. 6 b B B B 

Remarks: In Com. Ex. l, the phosphor material in the 
form of a pellet so rapidly evaporated as not to deposit 
on a support. In Com. Ex. 4. constant emission of the 
electron beam was not accomplished. 

[Example 5] J 

The procedures of Example l were repeated except 
that the support was gradually cooled at a cooling rate 
of iO°C/min. by decreasing an output of the heater, after 
the deposition was complete. The condition of the re- 
sulting phosphor layer was B (less satisfactory) , and the 
fixation of the deposited layer to the support was A 
(good) . 

[Exaitple 6] 

The procedures of Example 1 were repeated except 
that the support was gradually cooled at a cooling rate 
of 20°C/min. by decreasing an output of the heater, after 
the deposition was complete. The condition of the re- 
sulting phosphor layer was B (less satisfactory) , and the 
fixation of the deposited layer to the support was B 
(less satisfactory) . 

[Example 7] 

The procedures of Example 1 were repeated except 
that a quartz sheet was used as the support. 

The condition of the resulting phosphor layer was A 
(good) , and the fixation of the deposited layer to the 
support was A (good) . 

[Example 8] 

The procedures of Example 5 were repeated except 
that a quartz sheet was used as the support. 

The condition of the resulting phosphor layer was A 



-21- 



(good) , and the fixation of the deposited layer to the 
support was A (good) . 

[Exanple 9] 

The procedures of Example 6 were repeated except 
that a quartz sheet was used as the support. 

The condition of the resulting phosphor layer was B 
(less satisfactory) , and the fixation of the deposited^ 
layer to the support was A (good) . 



